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abstract 

FuziycontroUs a methodology that translates naturaHmga^e nd^ ^ automated 

controllers, into the actual control MW hav , additional statistical 

to - tws 

information in fuzzy control methodology. 


INTRODUCTION * „ hav « a mathematical description of 

There are two main methodologies t ^ atl « a< J t °^“ deterministic, or in statistical terms), then we can app y 
the system that we are going to control (ate r m ^ a description, but we have experts who 

methodology of traditional control theory. f ^ e do D “ k ^ experts to formulate the rules that they use 

;tje£ S 5 SS2222& ~y- r app,y tay ‘° ntro1 e ' 8 " 

2, 4]) to translate these rules into the actual control strategy. 


2, 4]) to translate mese ^ kave & 

~Both methodologies work fine. If we “““iLmluidmodd uncontrolled object, and then apply 
"sufficient amount of statistics, we can build a mathematical moo 

h. « il 


r^sumcieni amount ui 
J traditional control methodology. 


traditional control meinouutu&j. , , , 

r t~A ohieet we first do not have a mathematical model, so 
Usually, when we start controlling some complica controllers . Then, gradually, we get more and 

^ the only information we have is the ^experie ventua iiv we become able to apply traditional control 

** more statistical information about this obje , have a precise mathematical model, but we already 

^ methods. During this transition peno , we While controlling the system, in course of time we ge 

° have some statistical information aboUt ^ j tical ^ n fo rma tion from our experience. Since we now know 

- - — statistical knowledge to improve the 

control strategy. How to do it? 


control strategy. — , 

, .. , f L a suffcestion is to wait until we have enougn 

IX -d ui «Sd SU optimal coutto, sud switch to this 

control. 


control. A 

So, we used a method to Waf pmbabilistic kuowledg, iuto fussy teems. I„ the peeseut sepost, 

propose and justify such a method. 


FORMULATION OF A PROBLEM: A REALISTIC EXAMPLE 

... 1 i 1.1 


To give the reader a better understanding of 

kind of a situation. Let us consider a control system wh o se P ^ . , ( 

. at »e desired value so, “V wLn it 

the nuclear or chemical reactor^ We m\l con»d« 1 to dt/dt = „ 
direct control u that changes the value of r m ^the < kM <U^ whe0 

optimal control can be described as a function «(An), wh«eA 


a simple example of this 
value of some parameter 
, the temperature inside 
is possible to apply the 
. For such systems, the 
Ai = 0, we do not need 




an v' control at all, so u(0) = 0. For Ax close to 0 ( ^ f ° on of u(A x), and thus approximate this 
we can neglect quadratic and higher terms m the Taylor expansion 

function u(Ax) by a linear expression u = -k Ax. 

t ii two kinds of information 

Since we assumed that the parameter I is difficult to me “ UIe ““ ^ measurements. Second, we can 

about its value: first, tv, can apply indirect (and therefore Al . Suppose that for some 
rely on the ability of the experts to control such systems * measurement resulted in an approximate 

situation (some combination of observable parameters), an^ indirect m vJu e of the difference 

value x ns ., and that the standard deviation ^^“^'ihi the probabilittes of different errors me 
x - x) equals ff (e.g., x — 1-0, and cr ®-^)- .Tnntinn in measurement theory). Suppose that for 

normally distributed (this is more or less standard “ s P t tual value of * as “approximately X, 

this same situation, an expert uses his experience ^ ^ predsion * 0 .5”). Using known 

with precision * e” for some values X aDd £ ( e -S- PP membership function p(x) whose maximum 

methods of fuzzy theory, we can describe this statement by a m 
corresponds to x = X (e.g., a triangular membership function). 

If we use only the statistical information (i.e., the result of the r If we use only 

the value of the control u that corresponds to t e ^° s p ^ 0 u k defuzzification techniques) to apply a 

the expert ’s estimate, then it is reasonable according to well kno n u = _ kX . 

control that corresponds to the most possible values of x, i.e., in this case, 

Both estimates of x are not very precise: expert ’ S both control values -kx 

- * these two types of knowledge and d6Sign a 

better control strategy. 

But how to do it? If we use statistical methods, then we do not t^ie^fuzzy^tTmates will still 

even if we invent some methods to translate be misleading: if this “probability” of 

remain subjective expert’s estimates. Calling them p t ^ ^ aQ error occurs in half of the 

an error is 0.5, it does not mean (as for usual prob ) somehow use fuzzy methods to handle 

cases. So, statistical methods are out of question. Hence, we must someno 

both fuzzy estimates and probabilities. But how. 

So, what we need is a method to translate probabilities into fuzzy terms. 

BASIC IDEA OF TRANSLATING PROBABILITIES INTO FUZZY TERMS 

Fuzzy estimates of degree orbeiiefwhere do ^hey^ome Mg .fc do « 

unce- ainty values that characterize our degTee ’ , ’ • tQ ^ ^ expe rt to quantify his degree 

get these degrees of belief from? ' ^‘d'the^ if be looses some value D, to estimate bis degree of belief 

of belief, say, on a Seale from 0 “ 10 ' “ d "“' of belief is 60 %). The readers who ever answered any 

tZZaf* 2SX i -* “ deei " 

of satisfaction with the service”, etc. 

In applying this method. olo gy, o° e has to be very distinguish between 

t is « — " ,o " g ” h - 

v a rar-cvKahilistic estimates. In decision making, it is well known since [3] 
consistent (in some reasonable sense), then they have to be based 

on some probabilistic estimates. 

It sounds reasonable to assume not have been experts). So, it is 

- is ^ - inside their brains 18 based on 801116 
probabilities, i.e., is based on some statistical estimates. 
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Let us apply optimal decision theory to expert s estim^ing t heir estimate his degree 

expert get these probabilities? an estate, an expert recollects 

of belief m some statement A (e g., that 0.3 is neg g ) 6 close to 0.3) was tested, and 

(consciously or subconsciously) all the cases in whic • ( diff of0 3 cause d important changes. 

figures out when 0.3 proved to be really a reasonable estimate for 

Suppose that totally, he recalls n cases, and in m of them 0.3 was n g g • 
the probability p(A) (i.e., the probability that 0.3 is negligible) is / = m/n. 

The actual probability p can be different from / and, therefore, different vakes probabili ty p, 

- ? ^K^ftle. 8 Th‘ e S «ta«, the elates -/» “d 

the r fitst element A ITTh"™.' 

S'" 3£5£ M on this sc^e Then e*- « 1 Twh»T< WoTaS 

belief on a scale from 0 to h, we tecall n cases, estimate J = m/n, and produce k for which /, < m/n < feel 

Ut us denote by /(p) the value of this scale that corresponds “a probability p. ™s h ^ 

before! from A/(p) = const and Ap ~ lb “‘ the “ nkDOWD fUnCtl0 ' 1 /(f) n ’“ l 

satisfy the differential equation /'(p)\/p( 1 — P) — cons *- 

From the definition of /(p), we can easily conclude that /(0) = 0 and /o+^TxarSn^p-'a So! wewri^ 
given differential equation with these boundary conditions is /(p) — 1/2+ / ( P ) > 

at the following conclusion: 

RECOMMENDATIONS 

If we know the probability p(A) of some event >1, and we want to use this 

base, then we must to this knowledge base that we know A with degree of belief /(p(A)), where Up) 

1/2 + l/?r arcsin(2p — 1)* 

APPLYING THESE RECOMMENDATIONS TO THE ABOVE EXAMPLE 

Let us follow these recommendations on the above realistic example. In that example it was necessary to 
WansTa te the following statistical information into the fusty language: that . is distributed according to the 
Gaussian law, with the average value x, and the standard deviation a. 

Fo, this information, the most probable value of X is i, and the bigger the difference between x and i the 
l cc nrnhahlp this value x Hence it is reasonable to translate this information into a membership function 
S) Ihat would attain its maximal value fo, x = X, and would monotomcJly decrease to 0 » x starU 
decreasing or increasing. So, we are looking for a membership function of the type p(x) - <?(|x - x|/<r), 
where g(z) is a decreasing function from (0,oo) to [0, 1]. 

A reasonable interpretation of a membership function p(x) is as follows: for every value v from 0 to 1 our 

degree of belief that it is possible for x to belong to the set {x : p(x) > e< l u ° 1S ^ 

ou degree of belief that it is impossible for x to belong to that set is equal to 1 - ti But the fact that 
^impossible for x to belong to this set means that x necessarily belongs to its complement {x : #.(«) < *>■ 

According to ou, “P'f « - « " ^ 

1 - p“h^“ nole' r=°»- 1 W « conclude tha^u = ,(»). and^oourdegreeof belief that |z| > w is equal 

to 1 — g{w). 


3 0 
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Now 2 has a standard normal distribution, and hence, Urmtl distribution . According 

wh"’e by ?(") we denoted a (cumulative) distribution Ts e qual to /(2F(-»)). where 

; o l e r toLiendations th 1S .means > that our deg^e ^ = 1 - /(2F ( -)). and 

/(p) is the above-described function. So, 1 g{w) J\ \ 

one in terms of some other fuzzy function /i 0 (x). 

NoW , we can apply an ^-operation min a s &, then 

bership function Mc( x ) that ex P resses b ° pa . r x \ _ ^( I )p 0 ( i). To this resulting function 

Mx) aUains its maximum), and than apply the control « = -lx,. 

Ibis - L ~t K- 

Earned Lllrl cLS out at the Laboratory for International Furry Engineering Research, chart of 
fuzzy theory, Japan. 
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